Background: Digoxin is used in the treatment of atrial fibrillation (AF) and heart failure (HF). It was reported to increase the risk of death in HF. Studies on digoxin are based mainly on patients treated some years ago, before the era of common b-blocker use.
INTRODUCTION
Digoxin is an old drug used in the treatment of atrial fibrillation (AF) and heart failure (HF) to slow down heart rate and improve symptoms in HF. According to the current European Society of Cardiology (ESC) guidelines "it may be considered in patients in sinus rhythm with symptomatic HF with reduced ejection fraction (HFrEF) to reduce the risk of hospitalisation (both all-cause and HF hospitalisations)" [1] , which is based on the Digitalis Investigation Group (DIG) study [2] . Moreover, "in patients with symptomatic HF and AF, digoxin may be useful to slow a rapid ventricular rate, but it is only recommended for the treatment of patients with HFrEF and AF with rapid ventricular rate when other therapeutic options cannot be pursued" [1] .
The DIG study, the only randomised controlled trial of digoxin, was published in 1997, and the ESC guidelines on treatment of acute and chronic HF have changed significantly since then. We have witnessed growing numbers of patients treated with b-blockers, angiotensin converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs), mineralocorticoid receptor antagonists (MRAs), and implantable cardioverter-defibrillators (ICDs) or cardiac resynchronisation therapy (CRT). During these 20 years, several researchers published data that provoked discussion about the safety of treatment with digoxin. The most recent studies questioning the safety of treatment are those by Vamos et al. [3] , Madelaire et al. [4] , Qureshi et al. [5] , Al-Khateeb et al. [6] , and Katz et al. [7] . Other authors showed no influence of digoxin on outcomes of HF patients (e.g. Chamaria et al. [8] and Ziff et al. [9] ) or confirmed the initial discovery that digoxin decreased the risk of hospitalisation in HF patients (e.g. Andrey et al. [10] , Ahmed et al. [11] , and Ziff et al. [9] ); some even showed improved outcomes of patients on digoxin [11] .
Although these findings provoked a vivid discussion, the patients investigated by the abovementioned researchers participated in studies conducted several years ago, and therefore included relatively low percentages of patients on b-blockers (26%-64%), ACEI or ARB (49%-93%), and MRA (10%-29%), with the exceptions of the studies by Al-Khateeb et al. [6] and Erath et al. [12] . As stated in the ESC guidelines on treatment of acute and chronic HF, "digoxin's effect on top of b-blockers has never been tested" [1] .
The aim of the study presented herein was to show the effect of treatment with digoxin on the risk of mortality and hospitalisations in a modern cohort of patients with HF, chosen to reflect the current ESC guidelines on usage of digoxin, on top of contemporary guideline-directed treatment.
METHODS

ESC Heart Failure Long-Term Registry
The ESC Heart Failure Long-Term Registry was a large prospective study of HF patients. The Polish part of the registry included 1126 patients (765 inpatients and 361 outpatients) treated for chronic or acute HF between February 2012 and March 2013, and followed until May 2014. The mean follow-up was 332 days (range 14-817 days). Evaluation of these patients was based on medical history, physical examination, and laboratory tests taken at baseline visit and after 12 months. The inpatients were evaluated both on admission to hospital and on discharge. The primary endpoint was death, and the secondary endpoint was HF hospitalisation.
The registry was approved by the appropriate ethics review board at every site that included patients into this registry.
Analysis of digoxin use
This was a retrospective analysis of the Polish part of the ESC Heart Failure Long-Term Registry. We included both outpatients and inpatients (of the latter only the data from discharge status were taken into account) in our analysis. Complete data on survival and rehospitalisations were available for 1030 patients of the registry; among them, 174 received digoxin at baseline and took it throughout the follow-up, and 738 did not take digoxin at all; these two groups were included in further analyses (912 patients in total). The rest of the patients (n = 118) had digoxin employed or discontinued during the follow-up, and they were excluded from further analyses to rule out the bias from unknown duration of treatment. The patients were considered to have HFrEF when the ejection fraction was ≤ 45%, and HF with preserved ejection fraction (HFpEF) when the ejection fraction was > 45%. 
Statistical analysis
RESULTS
General characteristics
Overall, 19.1% of patients were treated with digoxin. It is worth noting that nearly all the patients took ACEI or ARB (91.5% HFrEF and 84.5% HFpEF), b-blockers (95.4% HFrEF and 82.8% HFpEF), and MRA (76.0% HFrEF and 52.4% HFpEF). There were also 18 patients on ivabradine (2%). Baseline statistics are shown in Table 1 .
The percentage of patients receiving digoxin increased with NYHA class from I to IV (4.6%, 15.1%, 30.5%, and 35.7%, respectively; p < 0.001). Patients with HFrEF were more likely www.kardiologiapolska.pl Digoxin in treatment of heart failure to receive digoxin than those with HFpEF (21.1% vs. 13.3%; p = 0.009), and they had a significantly worse clinical status with a larger group of patients with NYHA class III/IV compared to HFpEF (32.6% vs. 22.8%; p = 0.005). Prevalence of AF in HFpEF patients was higher than in the HFrEF group (50.2% vs. 38.3%; p = 0.002), and HFrEF patients with AF were more likely to receive digoxin than those with HFpEF and AF (35.6% vs. 23.9%; p < 0.001). The non-survivors used digoxin more often, were older, had a worse clinical status with higher mean NYHA class, more frequent AF history and worse kidney function, and less often received the guideline-directed treatment compared to the survivors (Table 2) . There was no difference between the percentages of patients on digoxin who died due to cardiac or non-cardiac causes (31.5% vs. 33%; p = 0.76). The causes of death are shown in Figure 1 .
Comparison of patients receiving
and not receiving digoxin The patients on digoxin were younger but they presented a significantly worse clinical status than those who did not receive the drug, they had a lower mean LVEF, a higher death rate, and fewer of them received the guideline-directed treatment (Table 1) . To minimise prescription bias, severe HF patients were analysed separately (NYHA III/IV, and HF with LVEF < 25%). Those on digoxin were younger, had a higher death rate, lower LVEF, higher incidence of AF, more ICDs and CRTs, and were more likely to be treated with MRA (Table 3 ).
The effect of digoxin on hospitalisations and mortality Treatment with digoxin was associated with increased risk of death (Fig. 2) and hospitalisation in univariate analysis (hazard ratio [HR] 1.35; p = 0.017), but the latter disappeared after adjustment. HFrEF patients without AF presented the highest hazard ratio (Table 4) ; however, digoxin had no significant influence on the risk of death in HFrEF patients when patients with mild and severe HF (NYHA III/IV, and NYHA I/II, and HF with LVEF < 25%; Table 4 ) were analysed separately.
The HFrEF patients with AF history showed no significant influence of digoxin on the risk of death or hospitalisation; the same was true for the HFpEF patients with or without AF history.
DISCUSSION
Key findings
Our study shows new evidence that digoxin is independently associated with a higher risk of death in HF patients who receive the contemporary guideline-directed treatment, and that HFrEF patients without AF history demonstrate the highest risk. Furthermore, contrary to other authors, we showed that digoxin has no influence on the risk of mortality and hospitalisations in HF patients with AF history, regardless Data are shown as mean (standard deviation) or number (percentage). DCM -dilated cardiomyopathy; other abbreviations -see Table 1 www.kardiologiapolska.pl Data are shown as mean (standard deviation) or number (percentage). Abbreviations -see Table 1 www.kardiologiapolska.pl Jacek Migaj et al.
of the type of HF (HFrEF vs. HFpEF) [5, [13] [14] [15] [16] . Our study confirms the findings of several authors [3-7, 12, 17, 18] who showed a negative influence of digoxin on the outcomes of HF patients, and contradicts others who showed a neutral [9, 19] or a positive effect of digoxin [2, 10, [20] [21] [22] [23] . Our analysis suggests that worse clinical state of patients treated with digoxin might be at least partially responsible for the observed association with increased risk of death, which was mentioned earlier by only a few authors [24, 25] . To our knowledge, this is the first study including patients who received the guideline-directed treatment (b-blockers 91.9%, ACEI or ARB 89.6%, and MRA 69.4%) and who were treated with digoxin throughout the follow-up period. This is contrary to numerous other studies on digoxin, which analysed patients treated with digoxin throughout the follow-up but without the other modern guideline-directed treatment [18, 26] , or which included patients treated according to the modern ESC guidelines but receiving digoxin only "at some point of the follow-up/at baseline" [6, 12] , or which did not include patients with guideline-directed treatment nor analysed the length of treatment with digoxin [13] [14] [15] [16] . Our study also seems to analyse the most up-to-date cohort of patients, followed between 2012 and 2014.
Digoxin in heart failure
Our study has shown that digoxin is independently associated with a higher risk of all-cause mortality with adjusted HR 1.87 in a group of 912 HF patients. Two other recent studies (both published in 2016) included patients with modern treatment, similarly to our study (very high percentages of b-blocker-, ACEI/ARB-, and MRA-users). The retrospective analysis by Erath et al. [12] of a group of 1020 patients with ICD implanted as primary or secondary prevention and with or without AF, followed for 10 years, showed adjusted HR of 1.65; similarly, Al-Khateeb et al. [6] analysed 1075 chronic HF patients with or without AF, with LVEF < 45%, chosen using propensity score matching, and showed adjusted HR of 1.74. These two studies showed a harmful effect of treatment with digoxin in heterogeneous groups of patients. To rule out such a bias in our investigation, we analysed a subgroup of patients treated with digoxin according to the current ESC guidelines, i.e. with HFrEF and without AF, and we showed Figure 2 . Survival probability and hospitalisation-free survival probability in heart failure with reduced ejection fraction (HFrEF) and heart failure with preserved ejection fraction (HFpEF) (Kaplan-Meier plot; log-rank p); A. Survival probability in HFrEF; B. Hospitalisation-free survival probability in HFpEF; C. Survival probability in HFpEF; D. Hospitalisation-free survival probability in HFrEF CI -confidence interval; HR -hazard ratio; other abbreviations -see Table 1 that such patients are especially at risk of death when using digoxin (adjusted HR 2.52). Contrary to our findings, many authors demonstrated a positive impact of digoxin on the risk of mortality and hospitalisation. They showed that low serum concentrations of digoxin were associated with improved outcomes (0.5-0.7 ng/mL, HR 0.77 [27] or 0.5-0.9 ng/mL, HR 0.77 [20] ), and that digoxin reduced one-year mortality (HR 0.89) and hospitalisation risk (HR 0.82) in HF patients treated with ACEI [11] . These authors attributed the increased mortality of patients on digoxin to its toxicity, i.e. high doses and high serum concentrations. Unfortunately, digoxin serum concentrations and the exact doses were not available to our analysis. There were no differences in the incidence of CKD between the patients receiving or not receiving digoxin, but the non-survivors presented CKD significantly more often. Thus, we cannot rule out the influence of overly high digoxin concentrations on the outcomes of our patients.
Some authors looked for specific populations benefiting from digoxin use, e.g. HF patients with NYHA class III/IV and LVEF < 25% [28] , while others looked for patients who were especially at risk when treated with digoxin, e.g. women with hypertension [29] . Digoxin was reported to decrease the risk of readmission to hospital [30] and even to improve kidney function [21] . However, all this evidence bases mainly on the DIG trial and its post hoc analyses. We found only one study showing a positive influence of digoxin on mortality and morbidity, which was not based on the DIG data [10] . All the abovementioned studies were conducted some years ago, which makes their conclusions questionable in the era of wide use of b-blockers.
Several meta-analyses of the available data were conducted and gave various results. Chamaria et al. [8] showed that digoxin is not associated with increased mortality when used for rate control in AF and HF patients. Ziff et al. [9] showed a neutral effect of digoxin on mortality and a positive effect on hospital readmissions. Two other authors showed an increased mortality risk in HF patients (HR 1.14 [3] and HR 1.21 [5] ). However, these meta-analyses have the same disadvantages as the studies they include, i.e. lack of contemporary medication and heterogeneous groups of patients (combined HFrEF and HFpEF, and both with and without AF).
Our aim was to investigate the use of digoxin in HF patients receiving an up-to-date guideline-recommended treatment, especially b-blockers, and we showed that digoxin is associated with a higher risk of mortality in these patients. Two other studies investigated specifically the use of digoxin and b-blockers. Fauchier et al. [14] showed that digoxin alone has a neutral impact on survival, similarly to the lack of rate-control treatment, but the addition of a b-blocker significantly improved the outcomes. In their study, treatment with b-blocker alone and digoxin plus b-blocker had a similar positive effect on the outcomes, but their patients had both HF www.kardiologiapolska.pl and AF [14] . Katz et al. [7] reported similar results in a cohort of HF patients, some of whom had AF. We show also that fewer of the patients on digoxin received the guideline-directed treatment, including b-blockers. Our analysis does not allow us to ascertain whether this is due to the worse clinical status of patients (e.g. patients may not tolerate employment or up-titration of HF medication because of low blood pressure or bradycardia) or if the worse clinical status is due to worse quality of treatment.
Our study confirms the findings of Hashim et al. [23] and Ahmed et al. [31] from the Ancillary DIG trial that digoxin does not influence the outcomes of patients with HFpEF.
Possible prescription bias
Digoxin is mostly used in patients with severe HF, and it has been suggested that digoxin might only be a risk marker [24] . Bavendiek et al. [25] argue that the conflicting evidence from numerous studies concerning the use of digoxin suggests a prescription bias, which cannot be entirely ruled out by statistical adjustment for various confounders. Ziff et al. [9] in their meta-analysis showed that the studies with the highest HR for use of digoxin also present the highest risk of bias. Indeed, our analysis shows that the patients on digoxin had a higher mean NYHA class and BNP, a lower mean LVEF, and fewer of them received the guideline-directed treatment. Moreover, the percentage of HF patients receiving digoxin increased with NYHA class, which was shown also in other studies [32] . We showed that HFrEF patients without AF history present the highest HR; however, the harmful effect of digoxin disappears when patients with mild and severe HF are analysed separately.
Our study has several strong points. It analyses the most up-to-date group of patients, chosen to reflect the current ESC guidelines. Our patients were treated with digoxin throughout the follow-up to minimise the bias from unknown duration of treatment, and nearly all of them received the contemporary guideline-directed treatment.
However, we recognise several limitations to our study. This was an observational study, which on one hand allowed us to see a real-life population of patients, but simultaneously did not allow us to rule out hidden bias from unknown confounders. Because this was a registry, the data of some patients were incomplete. Serum digoxin concentrations and the exact doses were not available for analysis. The exact length of treatment with digoxin in patients receiving it prior to inclusion into the ESC Heart Failure Long-Term Registry could not be established.
In conclusion, digoxin is associated with increased risk of death in HFrEF patients without AF history receiving the guideline-directed treatment. Data suggest that digoxin is employed in patients with worse clinical status, which may at least partially explain its association with the increased risk of death. Digoxin has no significant influence on hospitalisation risk in HF patients receiving the guideline-directed treatment.
